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COMPLETE SPECIFICATION 
Granular Tetrafluoroethylene Copolymer Molding Powders 

We, E. I. Du Pont De Nemours and 
Company, a corporation organised and existing 
under the laws of the State of Delaware, 
United States of America, of Wilmington, 
State of Delaware, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to granular tetra- 
fluoroethylene copolymer molding powders. 

The prior art includes many references to 
tetrafluoroethylene homopolymer and copo- 
lymer resins. Polytetrafluoroethylene powders 
hitherto made available have been of three 
general kinds. The first two lands made avail- 
able were polytetrafluoroethylene granular, 
powders having a total surface area per gram 
in the range of 1 to 4, e.g., 1.1 to 2.8 square 
meters, obtained by procedures which com- 
prise polymerizing tetrafluoroethylene in con- 
tact with an aqueous medium containing a 
free radical initiator to obtain a slurry of poly- 
mer particles, in non-water-wet form> as dis- 
closed for example, in Brubaker U.S. Patent 
2^93,967, issued February 5, 1946; and poly- 
tetrafluoroethylene fine poyders having a total 
surface area per gram in the range of 9 to 
12, e.g. 10 to 11 square meters, obtained by 
polymerizing tetrafluoroethylene in an aqueous 
medium containing a free radical-initiator and a 
telogenically inactive dispersing agent to obtain 
an aqueous colloidal dispersion of polymer 



particles, and coagulating the dispersion, as 
disclosed, for example, in Berry U.S. Patent 
2,559,752, issued July 10, 1951, and Lontz 
U.S. Patent 2,593,583, issued April 4, 1952. 

More recently a third kind of polytetra- 
fluoroethylene molding powder was disclosed 
Anderson et al. U.S. Patent 3,245,972 having 
a total surface area of at least 3 and less than 
9 square meters per gram, a moldability index 
of less than 50 and an apparent (bulk) density, 
indicative of powder flow, of at least 400 g./ 
liter. The method disclosed for preparing this 
third type of molding powder comprises 
polymerizing tetrafluoroethylene in contact 
with a stirred aqueous medium containing a 
free radical initiator and solid nuclei in the 
form of agglomerated non-water-wet particles 
having a total surface area per gram of greater 
than 3 square meters, characterized in that 
the medium contains at least 5X10 10 nuclei 
per milliliter, polymerization is continued 
until the particles have a reduced total sur- 
face area per gram of less than 9 square 
meters, and polymerization is discontinued 
before the total surface area of the particles 
per gram falls below 3 square meters. The 
particles so obtained thus have a total sur- 
face area per gram of at least 3 and less than 
9 square meters. 

The fine powders available have not been 
suitable for general molding, inasmuch as they 
tend to crack when"" preformed and free-sin- 
tered in attempts to make massive articles, and 
inasmuch as they exhibit poor powder flow 
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properties, which renders them difficult to 
process in automatic molding machines. Al- 
though it has been found possible to minimize 
the cracking tendency of fine powders by 
5 special techniques, as disclosed, for example, 
in Thomas U.S. Patent 3,010,950, issued No- 
vember 28, 1961, these techniques further 
impair the flow properties of the powder. The 
granular powders on the other hand have 
10 usually manifested poor moldability pro- 
perties, such that relatively high pressures 
have been required in pressing into preforms 
which will free-sinter to substantially void- 
free articles. Again, while it has been found 
15 possible by special techniques to improve the 
moldability of such powders, as disclosed, for 
example, in Thomas et al. U.S. Patent 
2,936,301, issued May 10, 1960, these tech- 
niques also impair the flow properties of the 
20 powders, so as to make them difficult if not 
impossible to process on automatic molding 
machines. Further, while it has been found 
possible to effect limited improvement in the 
flow properties of polytetrafluoroethylene 
25 powders by special techniques, as disclosed, 
for example, in Cheney U.S. Patent 2,456,621, 
issued December 21, 1948, such treatments so 
impair the moldability of the powders that it 
has not been possible through their use to con- 
30 vert the highly moldable, poorly flowing 
powders hitherto made available into powders 
having a desirable combination of powder flow 
and moldability properties. Moreover, in gen- 
eral, the special procedures above described for 
35 the preparation of highly moldable powders 
have been considerably more expensive than 
the procedures required for preparing powders 
of ordinary moldability properties. 
The "long'* particles present in granular 
40 resins are responsible for decreased powder 
flow in that these particles occasion bridging. 
The process of Weisenberger U.S. Patent 
3,115,486 describes a process for eliminating 
bridging, but the latter process also causes 
45 shredding in the cut product, which also has 
an adverse effect on powder flow. 

The powders having a total area of at least 
3 and less than 9 square meters per gram as 
prepared are irregular and stringy and hence 
are water-cut and washed to yield powders 
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resin to eliminate or reduce the amount of 
longs is diminished or eliminated. These resins 
also exhibit low percent crystallinity. 

The resins or the present invention are 
formed of a copolymer of tetrafluoroethylene 
and a minor amount (0.003 — 1.5 mole percent) 
of a perfluoroethylene unsaturated com- 
pound which acts as a modifier to achieve the 
desired particle size. The modifier is selected 
from the class consisting of perfluorovinyl 
compounds of the formula CFz—CF— X, 
wherein X is to-hydroperfluoroalkyi, oxyper- 
fluoroalkyl, oxy-w-hydroperfluoroaikylj and. 
polyether homologues of oxyperfiuoroalkyi; 
and perfuoro-2-^ethylene-4-methyl-l,3-di- 
oxolane. The particles of the granular polymers 
of this invention are spheroidal and have an 
average diameter of from 300 to 1800 microns. 

Suitable modifiers (i.e. commonomers) for 
use in the resins according to the invention 
are, for example, perfluoromethyl-, penfluoro- 
ethyl-, perfluoropropyl-, perfluorobutyl-, and 
perfluorooctyl perfluorovinyl ether; 2-per- 
fluoropropoxy-perfluoropropyl perfluorovinyl 
ether; perfluoro- 2 -methylene- 4 -methyl-1,3- 
dioxolane; 1-hydropentafluoropropylene, 2- 
hydropentafluoropropylene, and 3-hydropenta- 
fluoropropylene; w-hydroperfluorobutene-l, w- 
hydroperfluoropentene- 1, w-hydroperfluoro- 
hexene-1, w-hydroperfluoroheptene-1, and «>- 
hyd roperfluoro octene- 1 . 

The modifiers preferred in this invention are 
perfluoropropyl perfluorovinyl ether and per- 
fluoro- 2-methylene-4~methyI- 1 ,3-dioxolane. 

Since the amount of combined modifier re- 
quired to produce a resin with predominately 
spheroidal particles is low (0.003 — 1.5 mole 
percent), only a minor amount of modifier need 
be present in the reaction vessel. That amount 
is dependent on reactivity of the modifier rela- 
tive to that of tetrafluoroethylene. 

The modified resins of this invention can be 
produced under mild reaction conditions, cor- 
responding, in general, to those described in 
Brubaker U.S. Patent 2,393,967, issued on 
February 5, 1946. Thus, generally, ah aqueous 
solution of an initiator and a buffer are intro- 
duced into a pressure vessel, as are tetra- 
fluoroethylene and the modifier, and the mix- 
ture is heated with stirring at a temperature 



70 



75 



80 



85 



90 



95 



100 



105 



110 



having excellent moldability and powder flow, generally less than 100° C (preferably 68 — 75° 
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The present invention provides modified 
granular fluorocarbon resins which are ex- 
tremely useful in ram extrusion (ram ex- 
trusion is described, for example, in Example 
I of Chenev U.S. Patent 2,456,621, issued on 
December 21, 1948) since they comprise par- 
ticles which are more spheroidal than are the 
particles of the granular resins. (The term 
"particle" as used herein refers to an aggre- 
gate of the inherent particles formed in the 
polymerization.) The spheroidal nature of the 
particles allows better powder flow charac- 
teristics, and hence smoother operation in 
ram extrusion. Thus the expense of cutting the 



C.) under elevated pressures of tetrafluoro- 
ethylene. A convenient pressure range is several 
hundred psig. 

Since reactivity toward polymerization of 120 
modifiers differs from that of tetrafluoro- 
ethylene, concentration of the modifier mon- 
omer in the monomer mixture must be adjusted 
in accord with the respective reactivity ratios. 

The following test methods were used to 125 
determine the physical properties reported in 
the Examples -below. Apparent density was 
determined by ASTM D-1457-62T. 

The term "total surface area per gram," 
as used herein, refers to a value obtained by 130 
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Physical data on the raw product are found 
in the Table. The powder flow index was 
11.0 and 16.4 grams/second for the raw 
product of Examples V and VI, respectively. 

5 Example VII 

This experiment employed PMD as the 
modifier, but was run on a larger scale than 
were Examples V and VI. Into the reaction 
vessel (the same as that of Example I) was 

10 charged 41 pounds of water, 5 ml. of concen- 
trated ammonium hydroxide, 0.13 gram am- 
monium persulfate. PMD (50.5 grams) was 
added. The autoclave was pressured to 175 
psig with tetrafluoroethylene, then heated at 

15 90° C. while stirring at 780 rpm. for 62 
minutes. The total tetrafluoroethylene used 
was 12 pounds (5443 grams). 

The resin of Example VII was then charged 
to a horizontal £-inch ram extruder. The barrel 

20 was maintained at a temperature about 370° C 
and the resin was permitted to fall into the 
loading cavity and forced by a reciprocating 
ram through the extruder. After the rod 



passed through the heating zone, it was cooled 
and solidified before reaching the exit of the 25 
extruder as a solid £-inch rod. There was no 
restriction in the ram extruder to cause back 
pressure, although, if necessary, a brake could 
be used on the emerging rod to increase back 
pressure within the extruder. The rods thus 30 
produced were examined for tensile strength 
and elongation according to ASTM EM 710- 
63T. 

At a ram extrusion rate of 10 ft/hr., a rod 
with the following properties was obtained: 35 
tensile strength, 4540 psi; ultimate elongation, 
270%. The same resin extruded at 21 ft./hr. 
had the following properties : tensile strength, 
3810 psi; ultimate elongation, 260%. 

The particles of the products of Examples 40 
II to VII are predominantly spheroidal. The 
value for percent longs for the resins of Ex- 
ample I to VII prepared with varying amounts 
of modifier was observed to decrease approxi- 
mately exponentially with increasing percent 45 
by weight of modifier in the total monomer 
used. 
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